Abstract. It is of practical significance to conduct feature analysis of user mobility pattern. Compared with the previous researches, this paper employs a new way of data collection based on wireless detection. Specifically, it is able to capture Wi-Fi request signals from wearable devices and create the information sequence for each device with MAC as the identifier. Based on this, the digital features represented by the mobility pattern of Wi-Fi user are analyzed comprehensively. Eventually, A wireless data analysis platform applied at the Cultural Center was established.
Introduction
The collection of user's movement trajectory data through various media (GPS, Bluetooth, etc.), data mining of various dimensions from the perspective of individuals and groups, analysis of user behavior patterns, movement laws, etc., have been popular issues in recent years.
It is crucial of the data sets collection during the data mining process. Recently, with the rapid development and large-scale application of wearable devices, wireless detection provides us with new options in acquiring user movement trajectory data.
The smart wearable device is a portable electronic device that can be directly worn as an accessory. It senses, records, and analyzes life characteristics with software support, which greatly improves the quality of our lives. With the development of the Internet of Things and mobile Internet, smart wearable devices are closely integrated with various application software and have become a new trend.
Based on the combines of wearable devices and Wi-Fi detection technology, this paper analyzes user personal behaviors. Taking Zhabei Cultural Center in Shanghai as a case study. A platform is proposed that integrating the functions from data collection to data processing, analysis and the final visual presentation.
Related Work
With the rapid growth of Wi-Fi applications, the quantity and quality of trajectory data acquired through wireless detection have greatly improved. A large amount of user spatio-temporal information can be collected so that related issues have attracted many researchers.
Collection of Trajectory Data
The data patterns used to analyze user mobility can fall into two categories. One is the well-known trajectory data, which is mainly record the user's various information, such as time, location, and data usage information. This is a kind of real collected data. The other is synthesis of data, using mathematical simulation model to capture the mobility of users [1] .
Data Mining Analysis
Tang and Bakerkai [2] introduced data mining technology into their studies. They used two classification methods to obtain the user's behavioral characteristics. First, the users' various mobile digital features are counted and classified once. Then, based on the events of users within one day, the results of the first classification are classified for the second time. Kim et al. [3] designed various indicators for the characteristics of human movements and classified them according to the value of each index. These indicators characterize the user's behavioral characteristics in different dimensions, such as time, frequency, and area of movement.
Summary
Previously, no matter from the view of the user's personality or the statistics considered at the system level, there are few studies that can penetrate into the characteristics of the user behavior pattern. Musa [4] et al. described how to use the probe request to passively track the smartphone and determine the trajectory of these mobile users. In order to expand the previous research analysis, Cheng [5] used the spatiotemporal information of the probe request issued by the small user sample. However, there is still a long way to go for further analyzing user behavior characteristics.
User Characteristics Analysis Platform
This paper designs a wireless data analysis and presentation platform for personalized research on behaviors of visitors. We deploy the platform in the Culture Center of Zhabei Shanghai. The platform is deployed to collect people's Wi-Fi request signals and upload them to the server for storage and processing. After that, it can also show the results of statistical analysis.
Data Analysis Platform Hardware Deployment
According to the trajectory research of smart wearable device users and the specific characteristics of the Zhabei District Cultural Center, the platform is mainly composed of three parts: Wi-Fi probes, wearable devices, and Web servers. As shown in Figure 1 . 
Data Collection Method
Obtaining primary data, i.e. user spatiotemporal information, is significant for the data analysis process. We adopted the Wi-Fi detection method, the secondary development of wireless routing, so that ordinary wireless routers have Wi-Fi request signal monitoring capabilities. As long as the wearable device turns on Wi-Fi (the device does not need to connect to the Wi-Fi signal but also does not require network login and verification), Wi-Fi detection can collect and record real-time data.
The contents of data collected using this scheme include the MAC address of the wearable device, the timestamp 'Timetamp' (time when the signal was acquired), and the 'AP' (the MAC address of the Wi-Fi probe that captured the signal). The information reflecting time and location of the users will be used as initial data. Only after further integration processing, can we analyze the characteristics data to perform visualization or other advanced research. The format of data is shown in Table 1 . 
Data Processing Design
When the Wi-Fi probe collects data, it will be saved temporarily in the router. Then, the data collected in this interval is uploaded to the server every 20 seconds. Next, the background program in the server needs to preprocess the data after receiving the original data, such as cleaning noise and the data with wrong format. Finally, the data should be sorted according to certain rules. For the requirements of the final demonstration project, the data to be processed can be divided into two categories from the processing timelines: real-time data analysis and daily data analysis. The former includes real-time user data and multi-point monitoring data. The latter includes daily/monthly data statistics and path of user trajectory, which need all-day data for joint estimation. The data analysis processing is shown in Figure 2 . 
Case Studies
The Shanghai Zhabei Cultural Center deployed more than 50 Wi-Fi probes and the detection range covers all the venues. In this chapter, we elaborate on the platform's analysis and application of user data in the Cultural Center. Based on this, the algorithm used for each function of the platform is introduced. What is more, the analysis results are displayed in a visual form. The overall design of this platform is shown in Figure 3 . 
Database Design
When completing loading data, the primary data will be entered into the database through the analysis process of the background program. We select the Mysql database to act as the data storage structure. 
Data Statistics and Analysis
Before the data analysis, we can make the following reasonable assumptions in light of the actual situation:  Each MAC represents a user with a device.  A MAC with signal strength exceeding the threshold indicates that the user is near the WiFi probe. Based on these assumptions, each project of the data analysis platform is as follows: 1) Real-time data analysis a) Number of visitor statistics First, data packet processing is performed. Wi-Fi probes in the same classroom are grouped together, and the data in the same group is processed in a unified manner. Then, within the statistical time T, the number of MAC (unique) captured by each group of Wi-Fi probes is considered as realtime number of people during this period. b) Visitor interest and preference analysis As the result of loading the original file from the data preprocessing stage, the three fields "MAC, timestamp, and coordinate" of each data record are obtained and inserted into the database. It is possible to arbitrarily track the trajectory of a visitor within a continuous period of time.
2) Daily / monthly data analysis c) Visitor activity estimation The activity value is the number of days that the visitor appears within a month. If the visitor goes more days in one month, the activity value is higher. In the statistics process, the background program firstly obtains the MAC (unique) address that appear in each venue on one day, and then calculate the frequency in one month. The activity grading is divided into five classes: A+, A, B, C, and D. d) Employee attendance management It is assumed that visitors who have visited more than 21 days in a month are considered to be employees. Thus, their data is saved for employee attendance statistics. Staff attendance statistics include the following indices:
• Attendance throughout the month, including all-day attendance and half-day attendance • Daily commuting schedule • Attendance ratio, the formula is:
Visual Display of Analysis Results

a)
Number of visitor statistics Figure 4 shows the number of visitors to each venue in the Cultural Center at a certain time. b) Visitor interest and preference analysis Figure 5 shows the audience preference of the Daning Theatre, mostly in the middle area of the stadium (yellow area). c) Visitor activity degree estimation According to the statistics of August 2017, the results are shown in Table 2 . As shown in Figure 7 , we have a specific visual display of an employee's attendance, including the number of days worked in the month and the daily working hours. Finally, the employee's attendance ratio calculation result is .
81.44%.
Conclusion
This study establishes a data analysis platform based on wireless detection that a new data collection method. This platform includes data collection, transmission, storage, processing, analysis, and visualization. As a case, the smart device data was collected by the platform to conduct realistic analysis of visitors in the Cultural Center. The core of this platform is to obtain the request signal of the smart device. From their request signal, only the MAC address, the time and position information can be obtained to form a time-space information record. Nevertheless, the data obtained in this way is still slightly single in dimension, and lacks the user's personalized information, limiting further deeper analysis.
